D endryphiella sp.. Phytopathogen, A nthraquinone, Eleocharis kuroguwai, Phytotoxic Activity Four novel anthraquinone derivatives, named Dendryol A, B, C, and D, were isolated from the culture filtrate of D endryphiella sp. Their structures were elucidated from spectral data and single-crystal X-ray diffraction analysis. The four compounds showed phytotoxic activity against barnyardgrass at more than 1 ^1 application of 5000 (ig/ml.
Introduction
In the course of our continuing studies on herbi cidal compounds from phytopathogenic fungi, we undertook an investigation of the culture filtrate of the weed pathogen, Dendryphiella sp., that was isolated from a diseased Eleocharis kuroguwai in Shimane Prefecture of Japan (Imaizumi, 1992) . This led to the isolation of four new compounds depicted in Fig. 1 , Dendryol A, B, C, and D, ap pearing to be related to hexa-and octa-hydroanthraquinones. In this paper we describe the iso lation, structure determination, and phytotoxic activities of those compounds.
Results and Discussion
The four new compounds were obtained from the EtOAc extract of the culture filtrate of Den- (Summers et al., 1986) , which established the two-and three-bond 'H -13C cor relations, established the connectivities of partial structures and were helpful in assigning the NMR signals. NOESY (Nuclear Overhauser Effect Spectroscopy) experiments were also used to establish the stereochemistries.
Compound 1, designated Dendryol A, was ob tained as a pale yellow crystal with m.p. 190-192 °C and [a] ^5 -158° (MeOH, c 0.05). The molecular formula, C15H 160 5, was derived on the basis of its 13C-NMR spectral data and HRFABMS (High Resolution Fast Atom Bom bardment Mass spectrometry). The UV/VIS spec trum showed ^max at 242, 285 and 336 nm. The ratio of carbons to hydrogens in the molecule indi cated tricyclic nature since it has four olefins 120.5, 140.2, 123.4, 158.1, 133.4, 128.0, 131.9 The partial structures were elucidated as fol lows: the chemical shift of C-9 (b 67.7) and H-9 (6 5.35) indicated the attachment of this methine carbon to oxygen. The very low field shift of H-9 is considered C-9 neighboring to a aromatic ring. In the COSY spectrum, H-13 showed coupling to the two methines of H-9 and H-l (Ö 4.28). The chemical shifts of H-l (b 4.28), C-l (Ö 6 6 .8), H-2 (b 4.06) and C-2 (Ö 67.6) indicated the attachment of the methine carbons to oxygen. The COSY spectrum also showed coupling of H-2 to H-l and each proton of a methylene at b 2.34 and 2.76 (Ha,b-3). Additional coupling was observed from the H-3 methylene protons to a olefinic proton H-4 (b 7.15), which was also coupled to a de shielded methine proton (H-13).
By the HMBC experiments the correlations were observed between the H-4-C-2 and H -2-C-4. The HMBC experiment also revealed a corre lation between H-l and a signal of b 131.9 which was assigned to C-14. These observations indi cated C-13 attached to C-14 resulted in forming a dihydroxycyclohexene ring. Detailed analysis of proton decoupling experiments revealed the cou pling constants of H-13 and Ha.b-3, which are homoallylic relationships, are an abnormally large value: H-13-Ha-3 (J = 4.0 Hz), H-13-Hb-3 (J = 2.0 Hz). Furthermore, Ha-3 coupled to Hb-3 with large value (J = 20.0 Hz) indicated C-3 are neigh boring to sp2 carbon (Barfield et a l., 1963) .
The combination of these relationships provided evidence for partial structure A (Fig. 2) .
The remaining six olefinic carbons (b 120.5. 140.2, 123.4. 158.1, 133.4, 128.0) were assigned to aromatic carbons. The coupling constants of the aromatic protons appeared at b 6.89 (J = 2.5) and b 7.38 (J = 2.5) indicated presence of a 1,2,4,6-tetra-substituted aromatic structure. The chemical shift of a methyl [l3C-NMR 21.1; 'H-NMR 2.32(3H)] and C-8 (6 158.1) indicated the exist ence of a methyl attached to aromatic ring and phenolic hydroxyl group, respectively. The l3C-NMR signal resonated at ö 186.6 assigned a car bonyl group which was attached to C -ll from the HMBC correlation between H-5 and the carbonyl signal. The IR spectrum absorbed at 1667cm 1 also revealed the presence of an aryl carbonyl group. The construction of substitution patterns of the aromatic ring and exact assignment of the 13C-NMR signals were established by the HMBC ex periment. The correlations were shown in the par tial structure B (Fig. 2) .
The formulation of A and B was established by HMBC experiment showing the correlations of H-9-C-11, H-9-C-12 and H-9-C-8. The combi nation of the above data allowed the formulation of the structure 1 .
In order to confirm the structure 1 and establish its relative stereochemistry, a single-crystal X-ray diffraction analysis of 1 was carried out. The Xray molecular model of this compound confirmed all the above deductions on its structure and estab lished the relative configuration of 1 depicted in Fig. 1 The partial structures and stereochemistry were elucidated as follows: In the COSY spectrum, H-13 (Ö 2.29) showed coupling to H-14 (6 2.66) in addition to H-9 (6 5.31) and H-l (6 4.39). The coupling constants of H-13-H-14 (J = 13.8 Hz) and H-13-H-9 (J = 10.0 Hz) indicated the transdiaxial relationship of these protons (Jackman et al., 1969) . The COSY spectrum also showed coupling of H-2 (6 3.94) to H-l (6 4.39) and H-3 (6 4.03) with the coupling constants of J -3.8 and J = 2.6, respectively. The axial proton (6 1.71) of the C-4 showed the same coupling constant of J -12.0 with H-3 and H-14, respectively, indicating the rrara'-diaxal relationships of these protons. The preceding correlations were summarized in partial structure C (Fig. 3) , including the relative stereo chemistry. The stereochemistry was also supported by a NOESY experiment showing cross peaks of H-9-H-14 and H-14-H-3.
The remaining carbon and proton signals were assignable to the partial structure B. The assign ments (Table I) were confirmed by HMBC experi ment. The structure 2 was constructed by HMBC experiment showing the correlations between H-9-C-12 and H-9-C-11 and H-5-C-10. was determined on the basis of its 13C-NMR spectral data and HRFABMAS. The UV/VIS spectrum showed A .max at 222, 261 and 319, indi cated the similarity of the chromophore to that of 2. The mole weight of 3 was 16 mass units lower than that of 2 , suggesting lack of a hydroxyl group in 2. The 13C-NMR and 'H-NMR spectrum were similar to that of 2 , except the hydroxyl methine [13C-NMR 6 ppm 68.2; 'H-NMR 6 ppm 4.03] was replaced by a methylene [l3C-NMR 6 ppm 26.6; 'H-NMR Ö ppm 1.71(1H), 1.95(1H)]. The above data indicated 3 possess the structure described in the figure.
The relative stereochemistry was determined as follows: the vicinal coupling constants of J = 2.8 Hz between H-2 (6 3.92) and the methylene at C-3 at once precludes any fram-diaxal rela tionship and places the hydroxyl group at C-2 in an axial configuration (Gill e t a l., 1990). The hydroxyl methine proton H-9 coupled with J = 10.0 Hz to a methine proton H-13, which was in turn coupled to methine proton H-14 with J = 14.0 Hz indicated the tra n s-diaxal relationship of H-9-H-13 and H-13-H-14, respectively. The axial configuration of H-14 also supported by the coupling constants of a neighboring methylene protons Ha,b-4 (J = 3.8 and 11.3 Hz). The cou pling constant between H-13 and hydroxyl meth ine proton H-l (J = 2.8 Hz) indicated the axial configuration of the hydroxyl group of H-l. The combination of these relationships proved evi dence for the structure 3.
Compound 4, designated Dendryol D, was ob tained as a pale red crystal with m.p. 209-212°C and [a] o -120° (MeOH, c 0.25). The molecular formula C15H 160 6 was determined on the basis of its 13C-NMR spectral data and HRFABMAS. The mole weight was 16 mass units higher than that of 1 suggesting one more hydroxyl group in 1. The UV/VIS spectrum showed > L max at 241, 285 and 337 indicated the similarity of the chromophore to that of 1. The 13C-NMR and 'H-NMR spectrum were similar to that of 1 , except the allyl methylene signals [13C-NMR 6 ppm 31.1; 'H-NMR 6 ppm 2.34(1H), 2.76(1H)] was replaced by a hydroxyl methine [l3C-NMR 6 ppm 70.7; 'H-NMR 6 ppm 4.15], This methine proton was coupled with the hydroxyl methine H-2 (Ö 4.02) and the vinyl pro ton H-4 (b 6.96). The above data indicated 4 pos sess the structure described in the figure. 
s
a Chemical shifts are given in ppm on the 6 scale, refer enced to the solvent peak C H D 2OD at 3.35 ppm for 'H -N M R and at 49.5 ppm for 13C-NMR in CD 3OD.
The relative stereochemistry was determined as follows: the hydroxyl methine H-9 was coupled with J = 10.4 Hz to the methine H-13, which was in turn coupled to a hydroxyl methine proton H-l with J = 4.7 Hz indicated the trans-diaxal relation ship of H-9-H-13 and axial-equatorial relation ship of H-13-H-1. The stereochemistry at the cyclohexene ring was assumed to be the same as in 2 and the related compounds 1 and 3. The com bination of these relationships provided the evi dence for the structure 4.
Phytotoxic activity of the four compounds were tested on seven plants listed in Table II by the leafpuncture assay using the previously reported method (Tanaka et al., 1994) . Kuroguwai, the host plant of the fungi, showed no symptoms against applications of these compounds. But, of the tested plants, barnyardgrass was sensitive to the four compounds at the dose tested. No effect ap peared when the samples were applied to not wounded intact leaves in droplets. When the com pounds were applied to wounds of barnyardgrass. a necrotic area spread from the applied point to the top of the leaf.
Experimental

General
Spectral data were recorded on the following in struments: 'H and l3C-NMR, Bruker AC-300 and AM-500; FABMS, Kratos concept-2H; FT-IR, Nicolet 800 FT-IR spectrometer; UV/VIS, Beck man D U 650 spectro-photom eter. Optical rotation was recorded with a Jasco DIP-370 polarimeter. Melting point was m easured by Yanagimoto Micro Melting Point Apparatus. For HPLC, Hitachi L-6000 pump, L-3300 RI monitor and L-4000 UV detector were used. For TLC, aluminium foils coated with silica gel M erck 60 F254 was used.
Isolation procedures
Dendryphiella sp. which was isolated from a dis eased Eleocharis kuroguwai in our laboratory (Imaizumi et al., 1992) was m aintained in 10% glycerol at -80°C . The stocked culture was trans ferred to potato dextrose agar (Difco) slants and grown at 25 °C for 2 weeks. For the compounds production the fungus was cultured in a CzapekDox medium (1 liter) fortified by yeast extract (Difco) at 0.1% shaken at 200 rpm and 28 °C for a week. The culture filtrate was extracted with ethyl acetate(l liter x 3). The combined organic layers were dried over anhydrous Na2S 0 4, then concen trated in vacuo to give gummy residue (180 mg). The residue was subjected to reverse-phase HPLC (YMC-AQ, 5 |tm C18 column; 20 x 250 mm; 1:1 M e0 H :H 20 at 5.0 ml/min) to afford 12 mg of 2 at /R 22.5 min, 10 mg of 1 at tR 24.4 min, 8 mg of 4 at tR 28.0 min and 5 mg of 3 at tR 32.0 min.
Phytotoxic activities
A puncture was made on leaves of intact plants for 10-14 days in a green house; the sample was then dissolved in 5000 ^ig/ml of 70% acetone and applied to the puncture wounded by a 10 (il syr inge. A fter incubating for 5 days in the green house, the extent of the lesion was assessed. The results were listed in Table II Table I . Table I .
Single-crystal X -ray diffraction analysis o f 1 X-ray crystallographic data for 1. -C 15H 160 5, formula weight = 276.29, orthorhombic, space group: P212121 (#19); a = 7.6632, b = 29.3374, c = 5.8038 A; D calcd = 1.41 g-cm "3, (i(CuKa radiation X = 1.54178 A) = 8.85 cm "1; Z = 4, 1307 indepen dent reflections were m easured out of 20max = 128.5 with a rotating anode diffractom eter MacScience MXC 18 using C uK a radiation m onochro mator. The data were collected at 296 K from a
